In 1950, Perlzweig and associates, re porting on the metabolism of nicotinic acid in man and 8 other mammalian species (namely, rat, dog, pig, rabbit, guinea pig, sheep, goat, and calf), observed that in 24 hours only 7% of an oral dose of nicotinamide was excreted in the urine of the pig as N-methylnicotinamide, and only 10% as N-methyl-2-pyridone-5-carboxamide (2-PY). In the ruminant they found small amounts of N-methylnicotinamide and 2-PY in the urine; however, the amounts were not increased by giving large doses of nicotinamide or N-methyl-nicotinamide. Only 55% of a dose ( 1 mg per kg of body weight) of 2-PY given to a pig was recov ered in the urine in 24 hours, and 11 to 58% for the ruminant. In our laboratory, after administration of C14-2-PY it was found that 2-PY was one of the metabolic end products of nicotinic acid in the rat and only 2-PY was found in its urine (Chang and Johnson, '59).
In 1950, Perlzweig and associates, re porting on the metabolism of nicotinic acid in man and 8 other mammalian species (namely, rat, dog, pig, rabbit, guinea pig, sheep, goat, and calf), observed that in 24 hours only 7% of an oral dose of nicotinamide was excreted in the urine of the pig as N-methylnicotinamide, and only 10% as N-methyl-2-pyridone-5-carboxamide (2-PY). In the ruminant they found small amounts of N-methylnicotinamide and 2-PY in the urine; however, the amounts were not increased by giving large doses of nicotinamide or N-methyl-nicotinamide. Only 55% of a dose ( 1 mg per kg of body weight) of 2-PY given to a pig was recov ered in the urine in 24 hours, and 11 to 58% for the ruminant. In our laboratory, after administration of C14-2-PY it was found that 2-PY was one of the metabolic end products of nicotinic acid in the rat and only 2-PY was found in its urine (Chang and Johnson, '59) .
In the present experiments carboxyl-C14-nicotinic acid was administered to a pig and a sheep, and the radioactive metabo lites were separated as in previous work with chicks, rats, and humans (Chang and Johnson, '57, '59, '61) .
EXPERIMENTAL
A healthy normal pig weighing about 30 pounds was injected intramuscularly with a saline solution of 2.5 mg of 7-C14-nicotinic acid (92.5 MC) plus 118 mg of nonlabeled nicotinic acid. The animal was kept in a metabolism cage, food and water being given ad libitum, and urine was col lected.
In each urine collection, the total radio activity was determined, and the metabo lites of nicotinic acid were separated. The animal was killed three days after injec tion, and muscle, blood, liver, heart, spleen, pancreas, lungs, and kidneys were stored frozen until analysis was performed.
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A 78-pound sheep was injected intra muscularly with a saline solution of 2.6 mg of 7-C14-nicotinic acid (96.2 iic) plus 298 mg of nonlabeled nicotinic acid. Since the sheep's urine was alkaline (pH9.6 to 10), 3 ml of glacial acetic acid were added to the collection bottle to prevent alkaline hydrolysis of metabolites. The collections were adjusted to pH6.5 to 6.8. The cage was washed after each collection. The animal was kept in the cage for 45 days, and the daily excretion of radioactivity was determined.
The methods of separation and identi fication of the metabolites have been re ported previously (Chang and Johnson, '57) .
RESULTSANDDISCUSSION
Pig data. The distribution of urinary radioactivity among the different nicotinic acid metabolites in the urine during a 48-hour collection is shown in table 1. Six metabolites were observed in the second, third and fourth urine collections. They were identified as: N-methylnicotinamide; nicotinuric acid; nicotinic acid; N-methyl-4-pyridone-5-carboxamide (4-PY); 2-PY and nicotinamide. However, in the first urine collection, one and one-half hours after injection, only nicotinuric acid and a trace amount of nicotinic acid were noted. This indicated that the dose rate of 4 mg per pound of body weight was much too great and that nicotinuric acid was immediately excreted as a detoxification product. From the fifth and sixth collections, only three labeled components were separated, corre sponding to N-methylnicotinamide, 4-PY and 2-PY. These three metabolites may then be considered to be the persistent metabolites of nicotinic acid. Of these three, 2-PY was found to be the major one, accounting for 60% of the radioactivity in collection 6. In monkey urine, 2-PY was also found to be the major metabolite (Chang and Johnson, '61) ; however, 4-PY was the major metabolite in rat urine (Chang and Johnson, '59) . This differ ence presumably reflects species differ ences in the catabolism of the nicotin amide portion of the pyridine nucleotides.
In all tissues examined, only pyridine nucleotides, nicotinamide, and traces of nicotinic acid were observed. The pres ence of free nicotinamide in tissues was probably due to postmortem breakdown of pyridine nucleotides, which are readily hydrolyzed after death of the animal (Handler and Klein, '42; Jandorf, '43 ). The present data, when nicotinic acid is used, are in complete agreement with those of Roth et al. ('48) , who reported that endogenous nicotinic acid exists in the animal body in the coenzyme forms and that the breakdown products of these coenzyme forms are immediately excreted in urine.
Sheep data. The persistent metabolites of nicotinic acid in sheep urine can be seen (table 2) to be radically different from those observed for the rat, human and pig. Nico tinamide was the only labeled metabolite found after 9 hours from the time of injec tion of labeled nicotinic acid, and labeled nicotinamide continued to be detected in the urine as long as 45 days after the in jection ( fig. 1) . The nicotinamide pre sumably comes from the metabolism of labeled pyridine nucleotides, indicating the limited capacity of the ruminant for methylation as compared with other species. This is in agreement with earlier less de finitive studies (Johnson et al., '47; Hopper and Johnson, '55) with calves. It is fur ther substantiated by the absence of meth ylated compounds (except for traces of N-methylnicotinamide in the urine, con trary to the report of Perlzweig et al. ('50) .
On the other hand, the sheep behaves as other species do in detoxifying and ex creting rapidly excess levels of nicotinic acid as nicotinuric acid. The trigonelline noted may be an artifact formed due to the alkaline conditions in the bladder.
SUMMARY
Following the administration of 7-C'4-nicotinic acid intramuscularly into a pig, 6 metabolites were observed in the urine. These were N-methylnicotinamide, nico tinuric acid, nicotinic acid, 4-pyridone, 2-pyridone, and nicotinamide. Of these, the 2-pyridone and 4-pyridone were the major persistent metaboh'es coming from the breakdown of the pyridine nucleotides.
Three days after administering C14-nicotinic acid, only pyridine nucleotides and nicotinamide were noted in the pig tissues.
In sheep urine, nicotinamide was the only persistent metabolite, whereas nico tinuric acid and nicotinic acid were the major excretion products during the first 8 hours after administration of the labeled nicotinic acid.
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